SUMMARY The diagnostic echocardiographic features of Ebstein's malformation of the tricuspid valve have been evaluated in two groups of patients, using M-mode and two-dimensional techniques. The first group consisted of nine patients in whom previous M-mode studies had suggested the existence of Ebstein's anomaly. The second group consisted of 20 patients, all suffering from right heart overload, in whom Ebstein's malformation was excluded at open heart surgery. The M-mode studies disclosed that none of the criteria currently employed could be considered diagnostic. A delay in tricuspid valve closure of more than 65 ms, considered the most reliable indicator, was also present in eight of 20 'controls'. The characteristic anatomical feature, that is distal displacement of the septal tricuspid leaflet, was never identified with certainty using M-mode echograms, in contrast to twodimensional echograms which showed a high degree of accuracy.
The clinical diagnosis of Ebstein's anomaly of the tricuspid valve is notoriously difficult, both with invasive and non-invasive investigations. The problem relates to the fact that Ebstein's anomaly, though an entity in itself, constitutes an anatomical spectrum with regard to the extent and degree of the valvar abnormality.1-3 The anomaly is characterised by distal displacement of the septal attachment of the valve, a feature which may extend on to the inferior part of the tricuspid valve, and is almost always combined with various degrees of valve dysplasia.
The echocardiographic diagnosis of Ebstein's anomaly, using M-mode techniques, depends on the identification of an increase in motion amplitude of the anterior tricuspid valve leaflet, an increase in Received for publication 20 August 1979 the dimensions of the right ventricular cavity, the presence of paradoxical septal motion, the ability to record the tricuspid valve more to the left of the sternum than usual, and a delay in closure of the tricuspid valve as compared with that of the mitral valve.4-10 However, it is not certain how reliable these indices are as diagnostic criteria. This is an important question since the truly diagnostic criterion, that is the distal displacement of the attachment of the septal leaflet, is not readily obtained with the M-mode echogram. As recently stated, two-dimensional methods may prove to be of value in this respect, since this technique enables the actual identification of the abnormal origin of the valve.8 11
It is for this reason that we have employed a twodimensional echocardiographic technique to restudy a group of nine patients in whom the diagnosis 31 of Ebstein's anomaly of the tricuspid valve had previously been suggested from the currently accepted M-mode echographic criteria. In order to assess these criteria another 20 patients, known to have right ventricular volume overload resulting from a variety of causes other than Ebstein's anomaly, were also studied. Subjects and methods The material for this study consisted of two groups of patients. The first group was composed of nine patients (six male and three female) ranging in age from 16 to 56 years (average 33 years), all of whom were considered to have Ebstein's anomaly of the tricuspid valve. This presumptive diagnosis had been based on identification of at least two of the following five M-mode criteria4-10: an amplitude of the anterior tricuspid valve leaflet motion of 20 mm or more; a right ventricular dimension of 30 mm or more; paradoxical septal motion defined as movement parallel to the motion of the echo from the posterior heart wall during ventricular systole12; lateral displacement of the tricuspid valve, defined as the situation in which the tricuspid valve motion can be recorded more to the left of the sternum than usual, taking the left parasternal line as the borderline; and a delay in closure of the tricuspid valve of 65 ms or more, as compared with that of the mitral valve.
In each of these nine patients invasive studies were done in an attempt to verify the presumptive diagnosis.
The second group comprised 20 patients (eight men and 12 women) ranging in age from 21 to 66 years (average 38). They were selected because cardiac catheterisation had shown right heart overload in each. In 13, this was the result of an isolated atrial septal defect of the fossa ovalis type, and in two of an atrial septal defect complicated by partial anomalous pulmonary venous connection; another four had tricuspid regurgitation in the presence of longstanding mitral regurgitation and/or stenosis.
One patient had an atrial septal defect in the presence of pulmonary stenosis. In each patient the possibility of Ebstein's anomaly had been ruled out at open heart surgery.
The same echographic studies were performed in both groups. The M-mode studies were performed with the echocardiovisor 01, and recorded on a line scan recorder (Honeywell visicorder 1856) using light-sensitive paper (Kodak type 1895). The tracings were recorded at paper speeds of both 2-5 and 5 cm/s, in order that precise timing in the measurements might be made. The two-dimensional (d) The cross-section of the heart shows that the septal origin of the tricuspid valve leaflet (sTL; arrow) is displaced towards the apex of the right ventricle. RA, right atrium; RV, right ventricle; LA, left atrium; LV, left ventricle. swept close to the right ventricular apex (Fig. 2) . In some instances an accumulation of echoes was observed at the right ventricular site of the interventricular septum, but these echoes were never positively identified as representing a displaced valve leaflet (Fig. 3a) .
Two-dimensional echograms, on the other hand, visualised the septal attachment of the tricuspid valve in eight patients and distal displacement was positively identified in six. The 'ideal' position of the transducer, enabling positive identification, varied from one individual to the other and encompassed classical long axis, cross-sectional, and apical views (Fig. 3b and c, and 4a ). In two patients (Table; cases 4 and 9) the septal attachment was identified at a normal level, that is close to the aortic root (compare Fig. 4a and b tion in the remaining six patients, that is those with positive two-dimensional echographic identification of Ebstein's disease, were all in accord with this diagnosis.
In the second group of patients, that is those with right ventricular overload, the M-mode studies also showed a high percentage of positivity for the 'Ebstein's' criteria (vide supra). The right ventricular dimensions were increased in all and in eight the amplitude of the anterior tricuspid valve leaflet motion was also increased. Paradoxical septal motion was present in 16, and lateral displacement of the tricuspid valve was identified in eight. Delayed closure of the tricuspid valve, as defined previously, was present in eight patients and ranged from 70 to 260 milliseconds. Distal displacement was not recognised in any of these 20 patients.
Two-dimensional echocardiograms were obtained from 14 of these 20 patients. In 13, a normal septal origin was recorded (Fig. 4b) . On only one occasion was the septal origin not visualised and that was in a patient suffering from an atrial septal defect of the fossa ovalis type with mild pulmonary stenosis. (Fig. 4a ) and a patient with right heart overload resulting from an atrial septal defect (Fig. 4b) . In this particular plane of sectioning the mitral (M) and tricuspid (T) valves normally should meet at the site ofjunction between the interventricular septum (IVS) and the interatrial septum (Fig. 4b) . Note the distal origin (arrow) of the septal tricuspid valve in Ebstein's anomaly (Fig. 4a) To obtain the best results, the transducer should be placed in a transverse position close to the apex of the heart and perpendicular to the plane of the long axis view. The operator should direct the plane of the image slightly upwards, so that the aortic root region is clearly visualised. The plane of 'sectioning' thus fluctuates between the standard cross-sectional and apical four-chamber views. Abnormalities in the septal attachment of the tricuspid leaflet may thus be identified and one might expect even a small rim of dysplastic and displaced valve tissue to be detected. We, therefore, believe that the two-dimensional echocardiogram is valuable in patients suspected of having Ebstein's anomaly of the tricuspid valve.
